Background: The Japanese database of food amino acid composition was revised in 2010 after a 24-year interval. To examine the impact of the 2010 revision compared with that of the 1986 revision, we evaluated the validity and reliability of amino acid intakes assessed using a food frequency questionnaire (FFQ). Methods: A FFQ including 138 food items was compared with 7-day dietary records, completed during each distinct season, to assess validity and administered twice at approximately a 1-year interval, to assess reliability. We calculated amino acid intakes using a database that compensated for missing food items via the substitution method. Subjects were a subsample of two cohorts of the Japan Public Health Center-based prospective study. Conclusions: The FFQ used in our prospective cohort study is a suitable tool for estimating amino acid intakes.
Introduction
Studies assessing the association between dietary amino acids and cardiovascular disease risk have shown that dietary intake of cysteine was inversely associated with the risk of stroke in women. 1 Higher methionine intake was associated with an increased risk of acute coronary events in men. 2 Higher intake of animal protein, which is richer in methionine than vegetable protein, was also associated with an increased risk of ischemic heart disease in men, although vegetable protein had no effect. 3 Furthermore, sulfur amino acids (SAA), including methionine and cysteine, changed lipid metabolism and influenced serum lipoprotein concentrations. 4 Thus, the association between amino acids and cardiovascular disease has gained attention in recent years. It is necessary to examine the association between individual amino acid intake and the risk of cardiovascular disease in Japanese subjects because of limited evidence in this group. In Japan, the amino acid composition of foods, based on the Standard Table of Food Composition, was re-issued in 2010 after an interval of 24 years. 5 The updated version includes 337 food items, including 42 new items, and now shows protein as the sum of amino acid residues, total amino acids, ammonia, SAA as the sum of methionine and cysteine, and aromatic amino acids (AAA) as the sum of phenylalanine and tyrosine. Prior to publication of the revised table, Ishihara et al had developed a database using the previous amino acid composition table and evaluated the validity of a food frequency questionnaire (FFQ) for estimating amino acid intake. 6 However, the 2010 revision of the amino acid composition table of foods was substantial, so it is worthwhile to examine the validity and reliability of amino acid intakes based on this revision.
In the present study, we assessed the validity and reliability of amino acid assessment via a FFQ that was used in a large follow-up study of middle-aged Japanese men and women.
Methods

Validity and reliability study
The Japan Public Health Center-based prospective Study on Cancer and Cardiovascular Diseases (JPHC Study) is a populationbased prospective cohort study that included Cohort I in Ninohe, Yokote, Saku, and Chubu (formerly named Ishikawa) public health center (PHC) areas from 1990, and Cohort II in Mito, Nagaoka (formerly named Kashiwazaki), Chuo-higashi, Kamigoto, Miyako, and Suita PHC areas from 1993. A 5-year follow-up survey in Cohort I was conducted for residents who remained alive in 1995, and we estimated their nutrient intake using a food frequency questionnaire (FFQ05). 7 The same FFQ was used for the 5-year follow-up survey in Cohort II in 1998. Subjects in the validity and reliability study were a subsample of participants in the JPHC Study Cohorts I and II. Details of the study protocol have been reported elsewhere. 8, 9 In brief, the validity study of Cohort I was initiated in February 1994, and that of Cohort II was initiated in May 1996. Subjects for the validity analysis included participants who completed dietary records for 28 days (14 days for Chubu PHC area) and the FFQ for measuring the validity of FFQ05 (FFQv) among healthy volunteers with normal weight and without dietary restrictions. A total of 247 participants (122 men and 125 women) from four PHC areas in Cohort I and 392 participants (196 men and 196 women) from six PHC areas in Cohort II were recruited on a voluntary basis. For the reliability study, we analyzed data of participants who responded to the FFQ again at a 1-year interval, except in the Mito PHC area (9-month interval), for measuring the reliability of FFQ05 (FFQr) among the subjects in the validity analysis. The study was approved by the human ethics review committee of the National Cancer Center of Japan.
Dietary records
Dietary records were provided through 7 consecutive days on four separate occasions (a total of 28 days), in spring, summer, autumn, and winter, except for the Chubu PHC area, where a subtropical climate prevails. In that area, 7-day dietary records were collected only twice (winter and summer) because the seasonal variation was not expected to be large. Research dietitians instructed the subjects to use a specially designed booklet to record all foods and beverages prepared and consumed. Participants were asked to provide detailed descriptions of each food, including the methods of preparation and recipes whenever possible. The dietitians checked the records at subjects' homes, workplaces, or community centers during the survey and reviewed them in a standardized way.
Food frequency questionnaire in 5-year follow-up survey (FFQ05)
Both self-administered FFQ05s asked about the usual consumption of 138 food items during the previous year. Nine frequency and three portion size categories were used to obtain data on dietary habits. Frequency was recorded as almost never, 1e3 times per month, 1e2 times per week, 3e4 times per week, 5e6 times per week, once per day, 2e3 times per day, 4e6 times per day, and 7 or more times per day. Portion size was recorded as less than half, same, and more than one and a half times the specified amounts. One FFQ05 was used to assess the validity of the FFQ (i.e., FFQv) compared with dietary records (the gold standard of dietary assessment), 10 and the other FFQ05 was used to assess the reliability of the FFQ (i.e., FFQr) with the FFQv. The sequence of data collection for the validity and reliability studies is shown in Fig. 1 .
Amino acid database of foods
The Amino Acid Composition of Foods in Japan 2010 shows 18 amino acids and some additional proteins. 5 The food items, including 133 items that were re-analyzed or newly added to the previous edition. Nevertheless, the revised amino acid composition covered only 18% of 1878 food items in the Standard (2010), which compensated for missing food items using the substitution method (e.g., using similar food or different parts of the same food) and contained 1745 food items (covering 93% of 1878 food items).
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Statistical analysis
The mean intakes of total protein and amino acids according to both the 28 days (14 days for Chubu PHC area) of dietary records and FFQ were calculated by sex and cohort group. Percentage differences were calculated using the following formula: difference in mean intake ¼ (FFQ À dietary record)/dietary record. Spearman's rank correlation coefficients between intakes according to the dietary record and the FFQ were calculated for crude values and energy-adjusted values. For the residual model, the mean daily Significance level: *P < 0.05, y P < 0.01, z P < 0.001. a (FFQ mean À dietary record mean)/dietary record mean. b Amino acid were adjusted for total energy intake using the residual method. c Median of correlation coefficients for crude amino acids and for energy-adjusted intakes of amino acids. consumption of energy was calculated using the Standardized Tables of Food Composition in Japan, fifth revised and additional edition. 13 A P value < 0.05 was considered statistically significant.
All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
The participants in the validity study included 215 subjects (102 men and 113 women) from Cohort I and 350 subjects (174 men and 176 women) from Cohort II. Amino acid intakes calculated using dietary records and the FFQs in Cohort I and their correlation are presented in Table 1 . Eighteen amino acid intakes of FFQv were lower than those of dietary records in men (differences in percentages ranged from À9% to À14%), while values were similar in women (À2% to 3%). For validity, Spearman's correlation coefficients for energy-adjusted intake for all amino acids were statistically significant (P < 0.05). The median (range) was 0.35 (0.25e0.43) in men and 0.29 (0.19e0.40) in women. For reliability, the corresponding values were also significant (P < 0.0001): 0.47 (0.42e0.52) in men and 0.43 (0.38e0.50) in women.
We also assessed the validity and reliability in Cohort II ( Table 2 ). Differences in percentages among 18 amino acids ranged from À10% to À17% in men and 0 to À5% in women. For validity, Spearman's correlation coefficients for energy-adjusted intake for all amino acids were statistically significant (P < 0.01). The median (range) was 0.37 (0.21e0.52) in men and 0.38 (0.24e0.59) in women. The corresponding values for reliability were also significant (P < 0.0001): 0.59 (0.52e0.70) in men and 0.54 (0.45e0.61) in women.
Discussion
The purpose of this study was to examine the validity and reliability of an FFQ for assessment of amino acid intakes. The validity was evaluated by comparing the results obtained from the FFQ with those from dietary records, and the reliability was estimated by calculating the intraclass correlation coefficients between results of two FFQs among the same participants. Results using the revised Table of Food Composition showed improved validity in comparison with results using the pre-revised Table of Food Composition and good reliability of the FFQ for ranking individuals.
Dietary intakes of amino acids from the FFQ were underestimated compared with those from dietary records. The underestimation ranged from À9 to À17% in men but only 0 to À5% in women. Because women spend more time at home than men, 14 women may respond to the questionnaire more accurately than men. To the best of our knowledge, no other study has assessed the validity of the FFQ for amino acids. While an association has been reported between dietary cysteine intake, which was calculated from the FFQ, and the risk of stroke in a Swedish cohort, this study only evaluated protein intake and not dietary cysteine intake at the amino acid level. 1, 15 Using a comprehensive database of amino acids that was constructed based on the Amino Acid Composition of Foods Revised edition, which was published in 1986 as a follow-up to the fourth edition of the Standardized Table of Food Composition in Japan and included 295 food items, 16 a previous study examined the validity of the same FFQ for the assessment of amino acids. 6 Compared with the previous study, the current study, using a new database, found better validity overall. Although the validity of the FFQ among women in a previous study was low, the median of energy-adjusted correlation coefficients was improved in both Cohort I (from 0.24 to 0.29) and II (from 0.29 to 0.38). 6 In the present study, component values were still calculated using the substitution method for many food items, although the number of original food items increased from 295 to 337. As more food items are added to the Standardized Table of Food Composition in Japan, results may get even better, since the addition of new foods in the 2010 version showed improvements over the previous version. The energy-adjusted correlations for the reliability of the FFQ to estimate amino acid intakes were 0.57 in men and 0.67 in women of Cohort I, and 0.59 in men and 0.54 in women of Cohort II. These values indicated good reliability, although the present results cannot be compared with those of the previous study because the previous study, which was based on the previous edition of the amino acid composition table in Japan, did not examine reliability. 6 In conclusion, compared with dietary records, the FFQ used in our prospective cohort study is a suitable tool for estimating amino acid intakes in Japanese men and women of this study population.
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